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27 rioveanber 1957

RAINBOW PROGRAM - PHASE U

1. At various meetings on the RAINBOW Program starting with
the mesting on 3 Getober 1957 i NN there bas
besn discussion of possible design approaches to & new aireraft and of
experiments that might bs dons in the relatively near future to eveluate
various appreaches. Although some experiments are going forward, no
orderly list and schedule of expsrimaental work has been drawn up so far
as I am aware, and | am not satisfied that responsibilities for the per-
formance of this work are clearly understood by all concerned. Accord.
ingly, I believe it essential that a firm: scheduls be sstabiished, and
written down, #0 we can have some ides when results witl be in hand and
when it will be possible to define and evaluate the one or more most
promising design approaches. The following notes are intended as &
first step towards establishing the schedule requasted above.

Z. In all of the discunsions of this problem, assenstially four
techniques have baon mentivned as the means of reducing reflactivity.

a. For the higher frequencies, the use of completely
reflacting outer surfaces 8o configured that radiation 1 refiected
off at innoccent angles.

b. The absorption of radistien, by either thin- or thick

ltiun of absorptive material or by such techniques as externally

<. With special reference to low {requancios, the gradua-
tion of the conductivity of a structure so as to render an edge or
surface "soft” slectrically, thereby avoiding a discontinuity
which would give rise to a reflection. (This is really a subcase
under b. )

d. The use of highly transpareat structures with very
small retura reflection.

it is hard to beliove that there can be any techniques which do not invelv:
sither the innocent reflection, absorption, or onward transmiesion of
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redistion. Accordingly, a given desige approach must invelve seme
combination of the four technigues linted above.

3. There is presumably no doubt that the specular reflection of
high frequency radiation from smooth condacting surfaces is calculable,
and that, if corners are eliminated aircraft configurations can be desigre
from which there will be no spacelar returs reflection. It would appear,
then, that the guastions concerning the use of reflective tachniques which
require further investigation are those having to do with: {a) Non-specslar
refiection, aad (b) Compremises that might have to be made to achieve
aerodynamically acceptable configurations. As an exsmple of the former
is it certain that a fuselage built with Gat sides Inclined at properly
selected angles would glve rise to more non-specular back reflection fro-
ite wnwAYp convex corners? As an sxample of the latter, how great a penaity
would be paid for various degress of rounding of such sharp cenvex corters?
Hopefully such guestions can be answered by the nsssurement of returr
from scale models.

4. In discussien of the higher frequency problen: {X, 5, and i
bands pessibly down to 300 mgs.) it has appeared that xajor reliance
would be placed on a combination of reflection and absorption. If heavy
reliance is placed on a reflective configuration, sharply angular shapes
w»ill be costly in terms of performance snd some reliance will probably
have to be piaced on locslised abaerption, Moreover, if wings are of
composits construction with contral motal panels but loading and trailisg
edges of plastic, absorptive protection will be necessary at the edges o
the metal panels. A cemtral yuestion therefore is whether any lightweigh®
and extremely broad-basded raflective materials are available or can be
developed. The term: "broad-banded” is here meant to cover, at » mini-
mum, X plas S plus L. bands. Naturatly, bulk is undesirable but may have
to bs accepted whareas excessive weight 1s snacceptable.

5, Still on the high frequency problem, a second major guestion
concerns the reflectivity of various noaconductive materials, as a functicn
of thickness. One structural approsch in thoss areas shere rellance ie
te be placed on absorption weald be to build wings and fusslage of fiber-
glass {or other similar high-strength plastic) with relatively talck, stressed,

Approved For Release 2000/08/21 : CIA-RDP33-02415A000500320040-6



Approved For Release 2000/ 15A000500320040-6

.

outer shell and lesva space for (A necessary) bulky absorbent material
immediately inside the shell to protect seflective matal structures such
as the engina. A different approach {involving what has bean called by
X1A%a I s “squid” structure) might be to Dave an extremely thin
nen-conducting cuter skin of seme such material as figerglass or mylar,
which would be stressed in tension hut not in compression, with no
structural absorptive materisl immediately benoath this thin ekin coverin;
the maia structural spare as well as engine and other metal components.
The rolative advantage of different structurai designs of this character
cannot be welghed without accurats information as to the reflectivity of
non-conductors or various matarials and thicknessos.

6. In cenjunction with reliance en reflection and abserption to
cut down the reflectivity of major structural stements, it might be feasibia
te bulld parts of the aircraft entirely of non-conducting materials. The
wings might be treated iz this manner if an important adventage could
thareby be derived. Or, the main structure might tako the form of & high
aspect-zatio flying wing with tail surfaces {vertical and borisonal stablliz.rs)
supperted by a boormi and the whole empennage mads of plastic. The valu.
of thess approaches depends, of course, entirely on the reflectivity of
the available materials, ospecially st higher frequencies. In partigular,
it is lmpertant to determine bow much is gained by & combination of
rafiective shape and non-conducting material.

7. Urgently needed as a part of the gonexal study of sbsorption

is an investigation of the technique that has been preposed for rendering
sdgen and surinces slectrically “soft” and thereby achieving very broad-
basded absorption of radiation. The application of this technique has bee:
meost seriously considersd in the fori: of the composite wing referved to
f above. Anather poasible application might be to the {fusalags, exploying

‘ one of the structural approsches outlined in paragraph 5. above, aithough
the infenaibility of provision for a depth of thyee feet of abserbent mate-izl
over the {uselage would presumably rule out this application for low
frequency protection. The most useful tost of this technigque would
presumably be an espericient with a szale model of a wing-like n.ember.
Meanwhile, however, work is geing forward on the means of "seftening’
& structural sdge, especlally through the use of spiral antennae.
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8. Assuming that the "seftening’’ technigue wiil be sugcesasfsl
in reducing the reflectivity of wings and perhaps other vutlying structusra:
members to low frequency radistion, thare remaine the mere difficult
part of the whole problen: which is the reduction of the return of low

r Uther solutions are being studied
at I am left with the conviction that this is the area

in which the least progress hae been mads and in which we cas have the
lowest confidence that we are on the right track.

9. The foregoing review suggests the following list of sxperimaenis
and investigations to be carriad outs

&. Messurezent at one-tenth of scale of the reflectivity
iz 8-band of medele built of perfectly reflective materials but
€ ured te test, fiest, an ideslly reflective conliguration
snd, second, various compromises of the idesl configuration.

b. The investigation and testing of lightweight absorptive
materials up to, say, one-feot thickness, effective in X, S anc
i bands to as low & frequency s poesible.

€. Calculatitn and if necessary actual measurament of the
reflectivity of plastic structures, as s functien of thickness and
a5 a fungtion of fxyequency. TMs should cover forward refloctios.
as well as rsturn reflection since fluttar techniques cannpt
sntirely be disregarded,

d. Measurement of the return, at various aspecis, from: a
wing-like structuse of compesits construction with central maetal
panel and electrically "softened” odges; the coeasurement to be
dene an scale medels to simulate both low and high frequencies.

s. 3Scale model tests of :ueitiple paraliel externa! sntennac
designed to abserd low frequency radiation.
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10. My impression of the status of the above exparinsental werk
and responsibility is as follows:

25X1A%5a1 a. This work {s anderway ot [ «t: o rough
scale madel based on one displayed at the October 37d meeting.
An sdditional modal should probably be developed based on a high

aspect-ratio flying wing with . . _ »
25x1A5a1 by R b oy ¢ oo PR T supert

25X1D0c
25X1D0c

i have the distinct impression there is
& tendoncy tv assume that it is pet difficalt to devise highly
sfisctive lightweight absorbents at least for highsr {requencies
but that because this is assumed 1o be manageabis, nobody is dodng
anything about it. Do we reslly know that mederately thin but
Hghtweight absorbents of high sificiency are availsbie?

¢« I am told that this is & matter of caleulation and that
ns sxparimental work 1s requized. At the same time, [ am
cmébythtmmmﬁﬁ;nnamtme;mnm. Ha
complotely plastic alreraftl would give 20 &b less return than a
matal aircraft of the sarme sise, | take it that smaller structursa
such as the empennage would, if w:ade of plagtic, give vise o
raistively Litile reflection. ls this conclusioe valid? Do we
have to try to combine the use of non-conducting iasteriale with
iunscent specular reflection?

d. | am aware of y intarasting work going forward in
25X1A5a1 the on the techniqus of softening an
odge bat 1 am not claar that anybody has set in motion the cone
struction of & madel panel with which to test this theory macro-
scopically. Moresver, 1 understood that an edge could be

softened veyy sifostively with a graduated resistance. If the

iatter L8 corvect should we not preceed at once to test the effective.
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25X1A5a1 o. This is one axpevizrant we sheuld be able to do in

s vory fow days st I The real guestion that requires
dlacussion in sy view is what other techniques of low fraguency
25X1A5a1 abasorption we shauld investigate. Fortunately,

is apparenily consententing o this preblen: and semething
useful may be ferthcoming frem: there.
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